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ABSTRACT 

A multiple linear regression analysis was used to develop a performance model on grain breakages for 

Deutz-Fahr M1202 combine harvester with grain moisture content (MC) and cylinder-concave clearance 

as the two independent variables and grain breakages as the dependent variable. Field experiments were 

conducted at constant combine harvester forward speed 1.70 km/h. Combination of three different grain 

moisture contents 11, 13 and 15 % (wet basis) and three different cylinder-concave clearances 12, 20 and 

26 mm were used as independent variables to determine the dependent variable of grain breakages. 

Analysis of variance shows that there was highly significant difference in the mean values obtained for 

grain breakages at different MC and concave clearances. Theoretical field capacity, effective field 

capacity and field efficiency were 0.77 ha/h, 0.68 ha/h and 88 % respectively. The predicted values 

obtained through the developed model were compared to another set of observed field data in order to 

validate it. High value of R2(0.901) which is significant indicate good agreement between the real values 

and the predicted values of grain breakages for the combine harvester. The accuracy and precision was 

calculated as 0.083 while bias value of 0.00077 was obtained. The mean square of predicted error (MSPE) 

was found to be 0.083. 

SIGNIFICANCE: Modeling the performance of a combine harvester would enhance the cost 

effectiveness of the field operation of the machine for rice harvesting. 

KEYWORDS: Combine harvester, Performance model, concave clearance, grain breakages, field 

efficiency 

 

1.0 INTRODUCTION 

 

The combine harvester, or simply combine, is a 

machine that combines the tasks of harvesting, 

threshing, separation and cleaning grain crops. 

The objective is to complete these four processes, 

which used to be distinct, in one pass of the 

machine. Among the crops harvested with 

combine are wheat, rice, oats, rye, barely, corn 

(maize), soybeans and flax. The wastes left behind 

on the field, which include dried stems and leaves 

of the crop with limited nutrients are either 

chopped and spread off the field or baled for feed 

and bedding for livestock (Wesley, 1978). 

 

A combine harvester has to perform three 

processes on a crop: (1) the crop is gathered into 

the machine: (2) the grain is threshed from the 

plant material: (3) the grain is separated from the 

material other than grain (MOG). The middle 

stage is accomplished by two devices, threshing 

drum, and concave with the effect of the threshing 

factors (Elsaied et al., 2009). Huynh et al., (1982) 

stated that the seed separation from the stalks and 

passage of seed through the concave gate are 

affected by of some variables such as crop feed 

rate, cylinder speed, concave length and cylinder 

diameter and cylinder concave clearance. The 

variables are also related to the threshing losses 

(including grain damages) and seed separation 

efficiency.  

 

One of the most qualitative indices of the 

estimation of operation of the threshing apparatus 

of combine harvesters were the grain threshing 

loss, grain damage and the part of the trash in the 

grain (Rademacher, 2007). They are closely 

related and depend on the design characteristics of 

the threshing apparatus, the cereal flow fed into 

the threshing apparatus, and technological 
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parameters, such as drum rasp bars speed and the 

clearance between the drum and the concave 

(Shpokas, 2007). Additionally, the crop species, 

moisture and biometrical indices that change 

during harvesting also influence the threshing 

process (Feiffer et al., 2001). The threshing 

process is best reflected by the grain damage 

change (Shpokas, 2007). Thus the grain damage 

causes should be related to fed crop flow, 

technological parameters, grain separation 

through the concave, drum rasp bars speed and the 

clearance between the drum and the concave 

(Shpokas  et al., 2005).  

 

Grain kernel damage occurs most often because it 

is not sufficiently protected from the impact of the 

drum rasp bars (Valge et al., 1985). When the 

kernel shell is broken, the grain germination is 

minimized by 10 % approximately. Grain damage 

also depends on the crop species characteristics 

and harvest times. Grain damage was by 2 % 

higher at noon than in the morning or in the 

evening (Wacker, 2003). There is an exponential 

relationship between the grain damage and their 

moisture content. The rotor separator also 

damages the grain while separating it from the 

straw (Waelti and Buchele, 1969). 

 

Ichkawa and Sugiyama (1986) developed a new 

combine harvester equipped with screw type 

threshing and separating mechanisms. They found 

that the harvesting performance of the new 

combine showed the total grain loss rate was 

lower than 3 % and the percentage of damaged 

grains was less than 1% for rice, soybean, wheat 

and barley crops.  

 

Mathematical models offer the following 

advantages (Miu, 1999; Miu and Kutzbach, 

2008): Comprehensive understanding of 

fundamental relationships of the physical 

processes; drastic reduction of testing time and 

costs;  accurate prediction of unit performance 

over a large range of parameter variation;  

programming keys for dynamic process 

simulation and optimization of design and 

functional parameters of the working unit; allow 

the combine harvester to achieve overall 

performance improvement in field operation. 

Multiple linear regression model involves more 

than one independent variable designated as a 

function of the dependent variable. 

A multiple linear regression is said to be 

operating if the relationship of the dependent 

variable Y to the k independent variables, 𝑋1 , 

𝑋2,……..𝑋𝑘  can be expressed as determined by 

Gomez and Gomez, (1984) : When k=2 

 

        Y = 𝛼 + 𝛽1𝑋1 + 𝛽2𝑋2   …             (1) 

 

β
1

=
∑ 𝑥2

2 ∑ 𝑥1𝑌−∑ 𝑥1𝑥2 ∑ 𝑥2𝑌

(∑ 𝑥1
2)(∑ 𝑥2

2)−(∑ 𝑥1𝑥2)2    …           (2) 

 

β
2

=
∑ 𝑥1

2 ∑ 𝑥2𝑌−∑ 𝑥1𝑥2 ∑ 𝑥1𝑌

(∑ 𝑥1
2)(∑ 𝑥2

2)−(∑ 𝑥1𝑥2)2     …          (3) 

 

α = �̅� − β
1

𝑋1
̅̅ ̅ − β

2
𝑋2
̅̅ ̅            …          (4) 

Where,  

        𝛼 is the intercept 

        β1, β2 are regression coefficients         

 

Agricultural Engineering Department, Bayero 

University, Kano has purchased a fairly used 

Deutz-Fahr model M1202 combine harvester for 

teaching and research. However, there is no 

documented performance evaluation on the 

machine. Furthermore from previous studies 

(IAR, 1994) even if manufacturers specifications 

are available, the performance indices of the 

machine in our indigenous conditions are usually 

found to differ significantly from theirs.  

 

The main objective of this research was to 

develop a multiple linear regression mathematical 

model composed of equation that quantifies grain 

damage in terms of the rice crop moisture content 

and combine cylinder- concave clearance. Such a 

model would definitely aid simulation and 

optimization of the performance parameters, 

allowing optimum setting up of the threshing units 

as well as enhancing proper operations of existing 

combine harvester. 

 
 

 

 

 

2.0 MATERIALS AND METHOD 

 
Field experiment was carried out to determine 

the model variables and other machine 

parameters such as field capacity, effective field 

capacity and field efficiency.  The experiment 

was conducted using Deutz-Fahr (M1202) 

combine harvester on a 1.5 acre Agricultural 

Engineering Department research and 

demonstration field, Bayero University, Kano. 

The area is located about 6 kilometers to the west 

of the old city wall of Kano Municipal along 

Gwarzo road, Kano State, Nigeria. The area is 

located between latitude 11o30́ N and 8o30́ E 
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within Kano State of Nigeria with approximate 

boundaries consisting of the Gwarzo road to the 

south, the Watari river to the west. The 

topography is flat with slightly undulating slope 

in the NW-SSE direction (Ibrahim, 2008). 

 

The experiment was run in a completely 

randomized block design. The experimental plot 

was divided in such a way as to have three (3) 

replications for each of the nine (9) treatments 

(combinations of 3moisture contents x 3 cylinder 

concave clearances). The calibration of the 

combine as stated earlier was based on two 

independent variables which include: 3 levels 

each of moisture content of the crop and cylinder 

concave clearances.  The forward speed of the 

machine was kept constant throughout the 

experiment. The moisture content was 

determined through monitoring the natural 

drying of the rice crop at the field starting with 

the highest moisture content (i.e. earlier harvest) 

The clearance was adjusted using the knob 

provided at the side of the operator. Rice crop 

variety FARO 54 was used in the experiments.  

 

The theoretical field capacity of the combine 

harvester was evaluated using the relationship 

provided by (Kepner et al.,1978) 

𝐹𝑐 =
𝑤 𝑥 𝑠

10
             ...    (5) 

Where: 

           cF = field capacity (ha/hr) 

           w= width of the machine (m) 

           s = speed of travel of the machine (km/hr) 

A constant forward speed of 1.70 km/h was 

maintained throughout the experiment. 

 

The effective field capacity was evaluated using 

the following equation (ASAE, 1979): 

𝐶 =
𝑆𝑊𝑒

10
             ...    (6) 

 

Where C = effective field capacity (ha/h), S= 

speed (km/h), W= machine width (m) and e= 

field efficiency (decimal). 

 

Based on time losses for turning and off-loading, 

all other time losses were negligible. The 

efficiency was computed thus: 

𝐸𝑓𝑓 =
𝑇𝑜

𝑇𝑡
             ....      (7) 

 Where, 

 𝑇𝑜= operating time per hectare, h/ha                   

𝑇𝑡  = total time, h/ha 

 The moisture was determined using 

laboratory procedure provided by (FAO, 1994). 

Moisture content on a wet basis was calculated. 

                        𝑀 =
𝑤𝑤−𝑤𝑑

𝑤𝑤
         ...        (8) 

Where 

M = Moisture content on a wet basis, % 

𝑤𝑤 = weight of wet sample, kg  

 𝑤𝑑 = weight of dry sample, kg     

 

The grain breakages were determined using the 

relation provided by (FAO, 1994). 

𝐺 =
𝑑𝑔

𝑊𝑇
 𝑥 100 %  ...                              (9) 

Where 

𝐺 = Grain breakages, % 

 𝑑𝑔= weight of damaged grain, g              

𝑊𝑇 =Total weight of sample, g 

 

The data collected was analyzed using 

Analysis of variance, ANOVA. Significant 

means were further analyzed using LSD. All 

these were computed using the statistical 

analysis system (SAS) package.  

 

Procedure for regression modeling 

Y= α+β1X1+β2X2+……+βkXk    … (10) 

 In this case, k=2, hence: 

Dg = a + b1M + b2C   … (11) 

Where: Dg = Damaged grain 

            C = Concave clearance 

 M= Moisture content 

            a= intercept 

 b1, b2 = regression coefficients 

 

b1 =
∑ 𝐶2 ∑ 𝑀𝑌−∑ 𝐶𝑀 ∑ 𝑀𝑌

(∑ 𝑀2)(∑ 𝐶2)−(∑ 𝑀𝐶)2    …   (12) 

 

b2 =
∑ 𝑀2 ∑ 𝐶𝑌−∑ 𝑀𝐶 ∑ 𝐶𝑌

(∑ 𝑀2)(∑ 𝐶2)−(∑ 𝑀𝐶)2  …      (13) 

 

 

α = �̅� − b1𝑋1
̅̅ ̅ − b2𝑋2

̅̅ ̅            …   (14) 

 

 

Procedure for model validation 

The procedure reported by Attanda, (2005) was 

adopted in the verification of the model. The 

model was verified by computing  values of 
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accuracy and precision, Bias (mean difference), 

sum of residual (RES), absolute value of residual 

(ABRES), mean square prediction error (MSPE). 

The predicted and measured values were used to 

calculate various measures of model quality. The 

mean square error (MSE) was the sum of 

accuracy and precision. 

𝑀𝑆𝐸 =
1

𝑛
∑ 𝑣𝑖2𝑛

𝑖=1 ....                (15) 

Where 𝑣𝑖 was the difference between predicted 

and observed value at locations, i=1….n and n 

was the number of values in the check data set. 

Accuracy (the square of bias) was was 

determined using equation 16: 

Accuracy = (Bias) 2 = (
1

𝑛
∑ 𝑉𝑛

𝑖=1 )
2
 ...  (16) 

 

Where 𝑉  represents the mean of the residuals. 

An accurate model will have no bias. 

An assessment of the error of predicted related to 

observed value was made by calculating the 

mean square prediction error (MSPE) as: 

𝑀𝑆𝑃𝐸 = ∑
(𝑂𝑖−𝑃𝑖)2

𝑛

𝑛
𝑖=1       ....             (17) 

Where i = 1,2……n, n is the number of 

experimental observation and Oi and Pi are the 

observed and predicted values.  

In validating the model, the predicted values 

were plotted against a different set of observed 

values (figure I). The coefficient of 

determination R2 value was used to ascertain the 

agreement between predicted and observed 

values.  

 

3.0 RESULTS AND DISCUSSION 
 

The results for mean values of grain breakages 

are presented in Table 1. Analysis of variance in 

Table 2 shows that grain breakages at 11, 13 and 

15 % moisture content are highly significant (1% 

level). Comparison using LSD in Table 3 shows 

that grain breakage at 11% moisture content is 

higher. Values of breakages at 15 % and 13 % 

moisture content are statistically similar but 

lower than those at 11 %. Similar values of 

breakages were obtained by Veerangouda et al. 

(2010) who reported 1.41, 1.10 and 1.35 %. 

Alizadeh and Khodabakhshipour (2010) reported 

mean grain breakages of 0.338, 0.247 and 0.167 

% at 17.0, 20.0 and 23.0 % moisture content 

respectively. The results obtained from this study 

and those reported by Alizadeh and 

Khodabakhshipour (2010) show that grain 

breakages increases as the moisture content is 

reduced which also agree with both reports from 

Kepner et al., (1978) and Tahir et al., (2003) 

which stated that seed damage increase as the 

seed moisture content is reduced. 

The increase in seed grain damage with 

reduction in moisture content could be due to the 

fact that at reduced moisture, the bone dry matter 

of the grain is more exposed since it looses the 

cushioning effect provided by the moisture. 

Analysis of variance shows that breakages at 12, 

20, 26 mm cylinder concave clearance are highly 

significant (at 1% level). LSD shows that 

clearance of 12 mm has the highest breakages of 

2.72 % while clearance of 26 mm has the lowest. 

The increase in grain breakages at reduced 

cylinder clearance could be attributed to the fact 

that at reduced clearance, the separation of free 

grains through the grates becomes more difficult 

and causes congestion. Consequently, the force 

due to rotation of the drum cylinder forces grains 

out. This may cause greater damages.   

 

 

 

 

 

 

Table 1 Mean Values of Grain Breakages 

Moisture 

Content(%) 

Clearance 

(mm) 

Grain 

Breakages 

(%) 

 12 3.14 

11 20 2.82 

 26 2.38 

 12 2.67 

13 20 2.35 

 26 2.01 

 12 2.35 

15 20 2.03 
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 26 1.68 

Table 2 ANOVA for Grain Breakages  

F Values 

Source DF Grain Breakages 

R 2 3.16* 

M 2 13.54** 

C 2 11.27** 

M×C 4 0.03ns 

Error 16  

Total 26  

  *, **, ns indicates significant at 5%, highly 

significant at 1% and not significant respectively. 

R= replication, M= moisture content, C= 

cylinder-concave clearance 

 

 

Table 3 t-test of LSD on Grain Breakages 

Treatments Grain Breakages(%) 

Moisture 

Content(%) 

 

11 2.78a 

13 2.34b 

15 2.02b 

LSD 0.43 

Clearance (mm)  

12 2.72a 

20 2.40a 

26 2.02b 

LSD 0.43 

 

Table 4 presents the values of speed, field 

capacity, effective field capacity, field efficiency 

and mean fuel consumption of the combine 

harvester as measured during the field tests. The 

theoretical field capacity was 0.77 ha/h at 

constant speed of 1.70 km/h. Elsaied et al., 

(2009) reported similar values for combine: field 

capacity of 0.25 and 0.57 ha/h at 1.6 and 3.6 

km/h respectively. Tahir et al., (2003) also 

reported similar field capacity of 2.5 and 3.0 

acre/h (1 and 1.2 ha/hr). Attanda et al.,( 2014) 

reported field capacity of 1.95 acre/h (0.78 ha/h) 

for a Laverda combine which was almost equal 

to 0.77 ha/h obtained from the study. The 

effective field capacity was 0.68 ha/h which was 

close to 0.64 ha/h reported by Veerangouda et 

al., (2010). The field efficiency was 88%. 

(Elsaied et al., 2009 and Veerangouda et al., 

2010) reported field efficiencies of 67.6 to 78.4 

% and 67.02 to 76.83 %,  respectively. The 

higher field efficiency in this study may be due 

to the low hecterage of the trial plot.  

 

Table 4 Machine Parameters 

Parameter Value 

Constant speed (km/h) 1.70 

Theoretical Field capacity 

(ha/h) 

0.77 

Effective field capacity (ha/h) 0.68 

Field efficiency (%) 88 

 

In order to predict grain breakages 

resulting from the combine harvesting operation, 

multiple regression analysis was performed. The 

parameters were calculated as detailed in section 

2.0. Based on the computed values, the equation 

obtained is: 

Y= 0.08 + 0.23M - 0.03C   …  (18) 

Where:  

Y= grain breakages, %; M = moisture 

content, % (wet basis), C= concave clearance, m 

The accuracy and precision was 

calculated as 0.083 while bias value of 0.00077 

was obtained. The consistency of the model was 

evaluated by calculating the sum of residual 

values (RES). The value of 0.07 was obtained. In 

the assessment of the error of prediction, mean 

square of predicted error (MSPE) was found to 

be 0.083 which implies high degree of accurate 

prediction of grain breakages in the experiment. 

The model developed in this study was 

validated by plotting the predicted vs observed 

values. The value of the coefficient of 

determination R2= 0.901 is highly significant. 

This shows that there is good agreement between 

the model predicted values and the experimental 

(observed) value.  
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Fig. 1: Predicted Vs Observed Grain Breakages 

 

4.0 CONCLUSION 

The developed model predicted grain damages 

reasonably well with a fairly close agreement 

between predicted values and observed results since 

the value of the Coefficient of determination (R2) 

value) is high (0.901). The selected performance 

parameters of the Deutz-Fahr M1202 combine 

harvester on rice crop were evaluated. 
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